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This study is part of Research and Developm. Projtt No. 1-V-0-

* 25=4-131 entitled "Military Evaluation of Geographic Areas," which

va originsl]y assigned to the U. S. Army Engineer Waterays R~eriment

Station (W2S) by the Ofice, Chielf of Engineers, and is being performod

under the sponsorship of the MD Directorate, U. S. Army Kteriel

CMz. The project Is directed by the Area Evaluation Branch of the

Nobility and Envirvontal Division, WES.

This report is a revision of an earlier unpublished report

(Awmp of Yim Terrain in the sear East Desert, dated may 1960), which

vas prepared amost entirely frcu published reports, maps, and photo-

graps utilizing techniques developed by the Geology Brwch, WES.

Mr. W. K, Dcrnbusch, Jr., conducted a supplmental map and literature

surey nd applied the latest napping techniques to prepare the folio

mWs. At variotu tims Messrs. H. K, Woods and J. D. Broughton, Geology

Branch, WES, ssiated in the assembly of data and revisions and prepara-

tion of the final plates. The work was done uder the irediate super-

vi n of Dr. C. R. Kolb, Chief, Geology Branch, Soils Division, WKS.

The text was written by Dr. Eoib and Mr. Dornbuscri. Technical assistance

in various phases of the work was provided by Mr. W. E. Grabe, Chief,

Area Evaluation Branch, and Mr. J. R. Compton, Chief, Er1nkment and

Foundation Branch, WW. The project was under the general supervision

of Messrs. W. J. Turnbull, Chief of the Soils Divisicn, and W. 0. Shockley,

Chief of the Nobility and Environmental Division, WES.

Directors of the WS during this study and preparation of this re-

4 port were Col. FAmind H. Lang CE., Col. Alex G. Sutton, Jr., CE, and

Col. John R. Oswalt, Jr., CE. Technical Director was Mr. J. B. Tiffany.
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To e-aluate the adequacy and suitability of the Yuma Proving
"und (iwuding the Sand HiIls) as a test site representative of
vorld desert conditions, it is necessary to determine the extent of
occurrence of Yum terrain types in other world desert areas (includ-
ing the Mid4le East desert (M)). In order that valid copaisons
ray be zade, a unifora system of describing, mapping, and comaring
-esert terrain must be employed.

In this report both the Yzm Proving Ground and the MM are
napped in terms of general or aggregate terrain, geoetry, ground,
and vegetation factors. General terrain factors selected for use in-
elude physiography, hypsoetry, and landfori-surface conditions.
Geomtry, grourd, and vegetation factors selected for evaluation are
characteristic plan-profile, occurrence of slopes greater than 50 per-
cent, characteristic slope, characteristic relief, soil type, soll
consistency, type of surface rock, and vegetation characteristics.
Terrain-factor data are synthesized to establish the degree of analogy
of a particular NO area with selected portions of the Yu Prving
Grocu.. This synthesis includes ccailation of geometry, grand, and
vegetation analog maps--thrugh ccmbinations of their couponent terrain-
factor caps.

A terrain-type analog map is prepared by superimposing the geom-
etry, ground, and vegetation analog naps and stratifying the result-
ing et'aInations. Highly analogous ?M tracts eahibit exact or closely
approximate cobinations of terrain-factor mapping units found at Yuma,
and the degee of analogy decreases directly as the similarity to such
combinations decreases.

Generally speaking, the t arain of the ND is moderately analogous
to that found at the "fva Pro , I Grou. Approximately 19 pexcent of
the study area is highly analogaus, 5. percent is mderately analogous,
24 percent is slightlty aulous, and 5 percent is inapreciably analogous
to terrain types foum. in Yua. Approxittely I percent of the )D was
mapped as nonanalogls.

The techniq'ues use& in preparation of these caps permit cccparison
of terrain in area- rapped at different scales as well as in areas napped
at sinilar scales, enabling for the first time coparison of all the
deserts of the Northern Herlsapere.

vii
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ANALOGS 0?2 YIA TERAMI IN Ya MIDDE EAST D

PART I: INRMiUCTIONFF
1. ThLs report is one of a series ccparing the terrain of the

U. S. ArsW Proving Ground* at Yuma, Arizona, with other xrld desert

areas. Three of the earlier re.?orts in tle series** (i.e. those whicb

comtre the Y=a terrain with tke deserts of Northeast Africa, South

Central Asia, and Mexico. were prepared in very limited i bers. &vever,

copies are on file at the Waterwys Experiment Station (WM) and in the

Envirormental Sciences Branch, Research Division, Research and Development

Diretorate, Ar=y Materiel Cizand. TR 3-630, Report 5, Analogs of bma

Terrain in the Southwest United States Desert, and Report 6, Anlgs or

Yusa Terrain in the Northwest African Desert, were printed and distributed

in substantial rzbers because of the military and scientific interest

generated by the. A noderate naber of this present report, Analof

Yuma Terrain in the Middle East Desert, have been published because of

c.,en ineres in t- 4 , 4h s Art -m ,t- .+iA =

Study-Area

2. The location of the study area and its geographic subdivisions

are shown in fig. 1. Desert boudaries were base-i prizarily on hcmo-

clizatic maps compiled by Dr. Perevil Meigs. Hoever, since Meigs'

boundary determinations were agriculturally oriented, with iteperature

a- rainfall the =St f:ortant factome c tsidered, modifications Lave

* The Yuma Pioving Ground was formrly designated as the Yuma Test
Station. Because the change in designation was made after the
plates in Volume II of this report had been printed; the Yu=a mps in
Volume II carry the old designation of test station.
See list on inside of bark cover of this report.

t Raised re=bers refer to correspondingly nu:bered ite-s in the
Selected Bibliograpby at end of nain text.



been bie w thze bais of geozorphic, soil, and wagetatiaon data collected

in the present study.

ose and j
3. A primrf aim of the overall project is to valuate the Yuma

Proving Ground area (icluding the Sand F411s) as a teat site represent-

11 world desert terrain conditions. Ctviously, Yuma's suitability and

adequacy as such a test site are relWed to (a) the extent to which Yuza

terrain types or codittocs occur in other world desert areas, and

(b) whether significant des#et terrain types occurring elsewhere are

lacklg at Yuma. To make these determinations, a unifamu system of de-

scribing, mpping, and czparing desert terrain had to be established.

A syAm which satistes most ol these requLements has been developed

and tested trmgh its application to YWta and several other world

desert areas. In addition, cuiparisons of the clinate of the Yuma, Prov-
91bing Growd with that of other world desert areas have been made by

the Enviromntal Protection Research Division, U. S. krzy Natick Lab-
oratories,* Natick, Massachsetts. The climatic and te.rrain studies to-
gather should provide an evaluation of the euitability of the Yuma area

asat~esting g V 4..- -i"try. vperations and ateriel under conditions

representative of those prevailing in.desert areas in other parts of the

world, The worldde distribution of desert terrain types and their

relative importance can be determined by examining the othear reports ofI this series (see paragraph 1).
4i. This report is primarily concerned with utiliing the estab-

lished techniques to (a) map the various terrain factors in the Middle

East desert (MD), (b) determine the distribution of ta-rain types

fo id at Yma within the KsD, (c) deternine degrees of analog between

the terrain types of the NO and those of the Ywa area, and (d) con-

tribute to an overall evaluation of the suitability of the Y=a Proving

* The Natick Laboratories uas called the 'Qunrtenaster Research and

DeveI1o et Center" prior to 1962.
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GrourA for testing men and materiel for military operations in desert

areas of the world.

5. No field surveys were performed in connection with th s studyI

Data used for preparing the terrain-factor maps cf the RED and Ywa Prov-

ing Ground were restrictMd to published and unpublished reports ad n .

Sources of Information

6. Approxi.tely 200 references covmring M were reviewed during

this study. The most useful of these publications are listed in the Se-

lected Bibliography. The references varied frcm general reviews concern ag

the entire area., to travelers' accomnta along rmtes in YED, to detailed

descriptions of iz;cific localities. Written data concerning the phys-

iography, landforms, and general terrain features of the HD are rela-

tively scarce. The travelers' accounts have been confined to inhabited

areas such as the Hasa Flain, the Hadhramaut, the Asir-Yemen Highlanis,

the lower Tigris-Diphrates flocdplain, the Dead Sea arpA, and along

established routes connecrting principal cities. Several explorers,

notably Thesiger, Thomas, and Philby, have penetrated the vast, rela-

tively unexplored interior of the area and have contributed valuable

written accounts of their experiences.

7. Ctmplete coverage of the area was provided by several sets of

szmla-scale maps. Coverage of the entire area at a scule of 1:1,000,000

was available on USAF World Amnautical Charts and on General Staff

Maps prepared by the Geographical Section, War Office, Great Britain.

These maps were used in preparing the geometry-factor uaps and the phys-

icgraphy and landform-surface condition maps. A recent physiographic

cap of the Arabian Peninsula at a scale of 1:2,000,000, prepared by the

U. S. Geological Survey under the =uspices of the Kin~o of Saudi

Arabia, was utilized in establishing the. major physiographic boundaries

- ithin the Arabian Peninsula. Complete coverage by the U. S. Department

of Agriculture World Soil Maps at a scale of 1:1,000,000 was aLio
~available.

8. The legends, definitions, ard symbols =cczpanying these raps

3
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were =zt uzffal in detexmination of basic soil tyW', soil consis-

tencies, end often rock types. Tht maps were also of sca value in the

deternination of vegetation types. The vegetation Pap was ccupiled

frca several sources, with the Bitish Adiralty Geographlial Handbooks

of the area being an irortant source. The hypsmetric nap of Yuma was

adapted fra U. S. Strat _c Charts at a scale ot 1:500,000, whereas

USAF A6ronautical Planning Charts at a scale of 1:5,000,000 were used

in preparing the bypscctric nap of D.

9. The principal urces of information concerning the Yuma Prov-

Ing Groumd were the following: A report, Terrain StudY of the Yuma Test

Station Area, ArizonaL prepared for WES by a grnup from Pardue University

in March 1955;6 Hndbo f Yuma Envronment, published by Office,

fjatermaster General, in February 1953 (Report No. 200); 9 1a and A Study

of Desert Surface Conditions by Thoew Cleme-ts and others, published by

Quartermaster Research and Deve-loent Ca=zn in April 195" (Technical

Report EP-53).16 Sources of the photographs used in the landform and

physiographic tabulations (plates 15, 15A, 15B, 19, 19A, 19B, and 19C)

are indicated by a credit line under the photographs. Photographs

illustrating the landforms were not restricted to the Atudy area; iowever,

the physiographic pictures were restricted to the MED.

This Report

10. This report comprises two volu.es--the text (vol I) and a folio

of plates (vol 17). Except fcr two sets of plates (15 and iA, and 19

through 19C) which present tabular d,-scripzions and photographs 'f the

physiography and lardorn-surface condit =ns of the Yuma terrain, the

fc Uo consists of drawings, most of which show a map of the M and a map

of the Yama Proving Ground to facilitate comparison. Detailed explana-

tion- of the napping procedures used in preparation of the plates are

given in WES TechnLca1 Report 3-506.9 0  In general, the iegemis on the

plates are self-explanatory; howemr, additional explanations of each

legend ray be found it TR 3-506.

11. The re .iM-ir of this voluae (vol I) --cnsists o&' Parts Il-IV,



for tables, and an appendix. Part II briefly summarizes the general

analogy of the Yuma terrain to that of the M)D. Part III describes the

terrain factors used to d!evelop the analogy and the methods used in map-

ping the. Part IV discusses the methods of analog development, and

analyzes the mapping technique f£zm the standpoints of its general appli-

cability and deficiencies. Tables 1-3 sarze data on the distribution

of Yima terrain factors within the YM while table 4 s==arizes data per-

taining to distribution of landscape types in Yuna and the YD and in

other world desert areas as given in earlier reports of this series.

Anpendix A discusses the philosophy of and problems associated with ter-

rain analysis and ccerison ir general.

I

I
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II: M EML CX3GhISM OF YM AXD MM2

Factors Used in the Carisom

12. Terrain my be considered to be the agpegate of the ptysical
attributes of an area. Terrain can thus be analyzed and described in

term of rcas caponent factors. Eight factars, considered to be

1st elments of terrain, hue been utilized in ccoaring the terrain at

Y=Lwith that of MM and other world desert areas. These factors fall

into three grups: geometry factors, i.e. plan-profile, slope occurrence,

slope, and reUef; graund factors, i.e. soil type, soil consistency, and

&AIfae rock; and vegetaticn. Plates 1-9 indicate the areal distribution

of various ranges of these factors at Yum and within tne NOE. Plates 14-19

present general or aggregate terrain factors such rs p1ysiography, bypsm-
etry, and landform-surface conditions. The 1" three factors were not

utilize& diectly in preparing the analog maps (plates 14, 16, and 18).

Rather these three fa were napped priarily to (a) provide a failir
gemorhic sphere of reference or gross terralm picture, and (b) present

landscape-terrn factor ssociations that aided in the , in

of the eight terrain factors, of regions e little information beyond

landform identification is available.

13. Each of the terrain-factor naps is, in essence, an analog map.

Similarly napped areas at Yu=a and within the NMED indicate high degrees of

analogy frcm the stwndpoint of the particular terrain factor under con-

sideration (see plates 1-9). A synthesis of terrain-factor data and aps,

-1 " °" ting in the eFtablishme4t of varying degrees of analogy of particular
MED areas with portions of the Yma Proving Ground and Sand Hills, has

been attempted in plates 10-13. Plates 3-4-12 show the degree of analogy

of gemetry, ground, and vegetation factors, respectively, with Y=a, and

plate 13 shows degrees of analogy based on all factors considered. Degrees

of analogy are expressed as being highly analogous, moderatcly analogouz,

6
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sU l avl ,~ inappreciably analogous, and not analogous.

14. Generally speaki te thehterrainofe M is moderately
analgu to that found at the Yua Proving Ground. Appamtely 19 per-
cmat of the study area is bibl anlgu, 51 percent is moderately

alogaus, 24 perce-t is sligbtly analogous, and 5 percent is inappre-
iciabl,, analogous to terrain types found at Yuma. Large portins of the

Hadhranut Plateau in southern Arabia and of the Jordan Plateau bordering

the Dead Sea, covering appraximtely 1 percent of the study area, were
napped as nonanalogous.

15. Hihly analogous areas are found in all the pbysiograpic units

of the PM (plates 13, 149 and 17) except for the plateau regions. Moun-

tainous areas napped as highly analogms include: The Own Mountains of
eastern Arabia, the Asir-Yemen higblands in southwestern portion of the

peninsula, and portions of the Hejaz Mumtains of northwestern Arabia,

and the Zagros Mountains of western Iran. Mrxumtainous areas having

higb degrees of analogy include the coastal plains along the southern and

western sbores of the peninsula, desert plains and dune fields of central

Arabia, end large portions of the vast Tigris-Euphrates floodplains of

southern Iraq.

16. Ibyior-aphic regions consdiered to be -deately -. _,,,_

include: the extensive crystalline hill complex in vestern Arabia, vast

dtme areas of the Rub' Al Khali and the Ad Dahnk in southern and central

Arabia, and large tracts of desert plains of northern Iraq and Syria.
17. Slightly anaogous areas are represented physiographicaZ.31 by

large areas in the Hadhraaut Plateaus of southern Arabia, the Tuway

Plateaus of central Arabia, the An Nafud sand dunes in northwestern Aras.a,

desert plain and plateau areas in southern Iraq and Syria, and the barren

volcauic plateaus of western Arabi,, Jordan, and southern Syria.
18. Areas exhibiting inappreciable degrees of analogy include

large portions of the Hadbra=-at and Jordan Plateaus and major areas .n

the Tuwayq Plateaus. Sns-l areas unworthy of individual identification

are found scattered throughout the study area.

~7
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19. Mwe sppirg of terrain fiators 2I zolves the selection of cam-

-eu f~ctors that can bs precisely deine6 napped, and cam;=ed. Any

ram ---be subdivideti into &U... idntfibl an sx-.my of designa,-

VMsor auWbers, each representing a va"u or value range of a specific

terzain factor. The ocaplexity of such a system, of co~urse, dependis

primarily on the number of terr;,in factors employed. For vapple,, if

20 terrain factors were considered, each area vomld be Identified by an

array of sym qbols, eaci desigrting & particar teMian-tactoi Valne

or raxwe of values. AMlthcgh this wtbod ig )lsasible,, c.ar bic

problame matiply rapidly it it is necessary to Lp,:aeas ezhibitig a*

sanst i-dmtion of fators and at the amm time identify tia cc.oovent

terrain-factor va.iues or ranges. Consequently, in the deve1cTuent of the

mapping sy~si used herein, consderable effort was spent in lizn the

==ber of teraln factors and at tho saw tim making sure thF4 factors

which were import t in terrain descriptions were not disregariied. 1Plch

effort was also 4eroted to selecting terrain factors that, when considered

graphic caqxexity. Tw ter'rain factors cpped were c1o.en chiefly be-

-&wse of (a) the inportance of each as a basic element of tei'rain,,

(b) theL- ality, when viewed together, to provide a reasonably ccaplete

picture of a given terrain, and (c) their military sgdiac
2D.. Mie selection of mapping units, or the terrain-factor strat4,fi-

I cation, was based on guch considerations as (a) naturalistic breaks,
(b) availabilty of data, (c) militar), significance,, arA (d) adaptLbliity

of the unit to precise and, vhwhnvcr possible, quantitative definition.

v3eamtr,, or ?orn Fhctors

21. Landscape, as used in this terrain study, is defined as the
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surface for= or oi on (gecmetry) of an area. Historically, the

representation of landscapes or surface geometr in plan progrssed

sinple pictorial symbols on early maps, to hachuring, to the _irst con-

tcar maps in the uiddle 1880's. ?he importance of this last step in

quantifying cartography cannot be overesphasized; for the fir;t time cm-

censurable vertical as well as horizontal data were included on maps.

Advances since that time seem to have been largely cowcentrated on shad-

ing and improved methods of baclnring or pictorial representation. These

methods permit a more readily assimilated bird's-eye view of the terrain,

but conparison of one such view with another is largely a matter of

individual interpretation. Classification and direct - of the

ccmponent parts of such views are necessary before the problms of

objective terrain cpaqrison and a host of similar problzau can be

resolved.

G22g2!tj factors selected

22. Considerable thought has been given to the selection of

factors to be included in landsc&pe description. An attempt ias made to

keep the Mnber of factors at a minim while still providing a reason-

ably complete picture of the terrain. Preference was given those factors

that could be rmzerically expressed and rigidly defined and mapped with

the data available. Four surface gecmtry factors (plates l-4) we-re

finally selected: slope, relief, dissection or spacing of steep slopes,

and a czposite factor called plan-profile. Using these factors, a

region can be described for example %s having hills with slopes ranging

between 10 ad 20 degrees, spaced frou 700 to 1000 ft aWtr rising to

heights between 50 and 100 ft. A less tangible but equily iYportant

property necessary to ccmplete this description is the spatial distribu-

tion of these three gecmetry factors; this distribution is termed

plan-profile.

23. The need for the plan-profile factor is Yeadily visualized by

considering a hypothetical gently sloping plain dissected by ramarous

deep, narrow drainageways. Such an area would be capped as having cer-

tain ranges of slopes, relief, and slope spacing. Anothar gently sloping

plain with a series of narrov dikes or ridges crossing it would be rapped

9
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vith th. sm ranges of slope, relief, ad slope spacing, but the dislpo

aition of features ccposing the Iandscope in each instance would be

diff rent, Ptofils of the two Undscapes would appear as -V-f in the

first instance and as _A in the second. In addition, it is desirable

to kno V\rter the ridges or drainagewap are parallel or intersecting,

contirw or discontiumt, i.e. a plan view of the area is needed. Thus,

the chxAr itic plan-profil, is a ncessary pLrt of land cspe ieflnition.

A. T dimnsions of the landscape typified by the plan-profile are

indicated by relief and slope-occrrnce masuremnts. For exoqmle,

albivial prons scored by steep-sided, shallo washes are napped vith the

sam plan-profile as extensive, high-stazing, dissected plateaus, although

the relief ad slope-occurence value ranges are decidedly different. This

is corsidered not only permissible but desirable becaue, with unrestricted

dimensios, the plan-profile allows a convenient mental iuge of the land-

scape to be formed. To such an image, knmm values of slope, relief,

and slope occurrence can be assigned and easily assizilated. In the pres-

ent study, factor valUes associated with features exhibitiM less than

10 ft of relief were considered as microrelief (paragiah 58) and were not

included in the landscape descriptions. Consequently, the landscape de-

scription is a generalization of the Letual grund surface.

Desigations of gemetry factors

f 25. Ccubining the four basic geometry factors provides a convenient

method of mpping terrain or lardscape in a fairly qantitative fashion.

The method is certainly one of the simlest possible. It permits &V land-

scape to be described by a cmbinaticn of four musbers or mimber-letter

msbols, each representing a perticular range of values of plan-profile,

slope occurrence, slope, and r-lief. The combination 1//,4,lb,2, for

example, defines a plain having characteristic slopes of 1 to 3-1/2 per-

*cent and scored by ra;ghly parallel, steep-sided vashes from 10 to 50 ft

deep vhich are spaced frcn 1000 to 5000 rt apart. The landscape type

could be sketched as shown in fig. 2.

26. It might be pointed out that the median value or soe function

(square root, sine, cube root) of the mndian value of the slope occur-

rence, slope, and relief unit-i could be substituted for tae unit mnber or

-i - ' - - - -- -



zucber-letter symbol if

a more direct landscape

designation is desired-.

Similarly, actual values

could be substituted

for the directly me8-sif- (ILASLP

able conponents of the PROFILE RENCE RELIEF

plan-profile. (Methods Pig. 2. Landscape representation shoving

of quantifying the plan- use of nmber and nmber-letter symbols

profile are prsne to describe surface geometry factors

in Appendix A of WES

Technical Repoa"t 3-506.)90 Although this procedr ake the ladcape

designation more truly quantitative, the necessary expeniture of tine in

analysis and the paucity of necessarily detailed maps made i.ts use inu-

practical for the present study.

Gro nd V etatioo Factors

27. Although the legends on plates 6-9 are self-explanatory, a point

agg6. -6"c +b- the W0 gm nd v-fi tatcn ftators sbould

be mentioned. &ichi factor '*s actually composed of several factors or

properties that could 1' e defined, stratified, and sapped. Surface rock,

for exanpie, could loe stratified in quantitative values uf. compressive

strength, abras ion resistazbce,, sphericity of fragaents, proportion of free

for the ro.-t part, overlap any stratification based on the widely utilized

genetic classification of rock, tabulation of these properties within a

genetic or descriptive classification is dilficult. The alternative of

preparizig a separato- cap for each property is, in the light of present

knowledge., a formidable if not impossible t~ask. Neverthelest, sat method

of separate mapping or, preferably, synthesizing through meaningful tabula-

tions must be developed for quantitative ground-factor data before a truly4

quantitative method of terrain mapping can be devised. In this report, the

veaetation tabulation (plate 9) presents some quantitative values for the

1k,11



mpng units, and the surface-rock tabulation (plate 8) presents property

ranges of a moe aalitative nature. Altbough the mapping of ground and

vegstation factors used herein is considered adequate for the aims of the

present study, it is not conwidered a final effort in quantitative grvund-

factor mpping. A am qua tat ,ve system is certainly needed and is be-

ing used in actual terrain-affect testing programs.

jgggs of Designations of Yma Terrain

28. Although the terain-type designation provides a reszcmbly

precise and partially quantitative description of a region, it is acait-

tedly difficult to visualze an area by reading a group of nubers or

umbr-letter symbols until the classification system ald symbology are

throughly understood. This capability must, of carse, be developed

through continued use and f-il'arizatin vith the terrain-factor ranges

designated by the various numbers and nimber-letter symboln comprising

the terrain types. A few of the lazdsqpe and terrain types found at

Yma are briefly described in the folloring paraFtaphs in an attmpt to

initiate familiarity vith the system in a relatively wel-known desert

region. The types are also described vithLn the fromwork of the veil-

known and widely utilized genetic system of lanforu classification

(plate 18) to provide an even nw f*Wliar base.

Mountainous regions

29. Mountainous regions, i.e. basin ranges, occupy slightly more

than 18 percent of the combined Ya Proving Grouni-Sand Hills area

(Plates 5 and 18). Landscape types 4.,6,5,7; 4..69c.,6; and 4,5,5,,5 are
found within the basin ranges. These numbers identify ppizg units or

value ranges of plan-profile, slope occurrene, characteristic slope, and

characteristic relief, respectively. Plan-profile unit 4 indicates that

topog &phic highs (a) cccupy more than 60 percent of the area, (b) are

crested or peaked, (a) are nonlinear, i.e. length is less than 5 timea

vidth, and (d) are randraly arranged (see plate 1). Slope occtrrence

units 5 and 6 (see plate 2) identify areas vhere the number of such slopes

is 100 to 200 per 10 miles and nore than 200 per 10 miles, respectively.
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Chracteristic slope unit 5 (Plate 3) indicates tbat the most comnly

ocIring or characteristic slope is between 26.5 and 45 deges (S prox-

inately 50 to 00 percent). Characteristic relief of 100 to 400, 40 to

1000, and mre than 1000 ft is indicated by relief units 5, 6, and 7,

respectively (plate 4). AU the basin rans (plates 6, U, and 18) are

characterized by soil-rock aasociatica unit 1 which identifies a mosaic

of bare rock and stony soils with a few scattered patches of coarse- and

fine-grained soils. Bae rock and stony soils cover less than 40 percent

of the area mapped. The na.l 4i5,5,5 area 'mdlately south of the

White Tank Mountains (plate 5) is churcterixed by surface rock unit 3&,

i.e. true extrusive rocks formed by solidification of nalten mterial that

poured out on the surface of the earth, e.g. basklt, dacite, etc.

(plate 8). Surface rock unit 4 , mt pic rock, pz eImimtes in the

4,5,5,6 areas of the Huggins Mountains; hamewer, areas of true extrusive

rock (unit 3&) are also found. In the 4,6,5,7 type Mountains south of
Growler, -izona, areas of unlifferentiated sedimentary (unit 5) ad

lataorphic (unit 4) rock are found. This landscape (4,6,5,7) is also

found in the Palcuas Mountains In association with surface rock unit 2

(intrusive igneous rock). The 4,6,5,6 landcape type is the most wide-

spread of the mountain types at Yuma. In the Tro eand Chocolate )bun-

%F.A Za .. feta is f in&d oreas mftrpW rock(unit 4) and surface rock emplexes of true axhmsive rock (utit 3a) and

volcanic eject* (unit 3b). In the portions of the Middle and White Tank

Mountains, the landscape type is associated witb true extrusive rocks

(unit 3&). In the Castle Dme Mountains the 4,6,5,6 landscape type is

found in association with the 3a-3b extrusive rock cemplex, undifferenti-

ated sedicentry rock (unit 5), and metra==prc rock (mit 4). AU_ the
basin re s are characterized by vYgetation unit 2 (plates 9 and 18)
which indicates a ground coverage of 1 to 5 percent conaisting priarily

of widely spaced thorny shrubs, buxshes, and ow trfes. It seez rather

obvious, then, that once the classification and sysbology of the esloyed

method are understood, a designation such as terrain type 4 ,6,5,6,l,3a,2

can oonvey a considerable amont of inforiation regArding the area. In

ccntrast, tha classical methods of pc morphic or terrain description
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WOald reglire semma4 paragraPbs or pa to convey the same inform~ation,

and an area& described by one perzon might be urecognizable as the same

or wA= described by another.

Alluvial fans and aprons

30. Alluvial fans wdi apross occupy, slightly awre than 44 pervent

of the combinud Yua Proving around1-sand ills area (Plates 5 and 18).
TAndsap types IL9,i1b,2; IL,4.,2,2; andi 7,l,lbll characterize the fan

and apron regions. Plan-profile unit IL indicates that topographiR highs

( a) occupy Mrs than 6D percent of the area, (b) are flat-topped, (c) are

linear, and (d) are randomly arranged or noprle.Slope occurrence

unit h identifies areas where the mober of slopes steeper than 50 percent

rangs Prom 2D to 100 per 10 miles. Sflope units lb and 2 indicate that

the characteristic slope is between 0.5 and 2 degrees and 2 and 6 degrees,

respectively. Characteristic relief of 10 to 50 ft is indicated by relief

unit 2. The 7,l,lbsl1wrAndscape describes an area exhibiting (a) no pro-

nounced topographic highs or lws, (b) no slopes steeper than 50 percent,

(c) a characteristic slope of between 0.5 and 2 degrees, and (d) character-
istic relief of less than 10 ft. The IL,41b,2 landscape is the most

widespread and is usually associated with soil type unit 6, i.e. sand and

gravel amed with minor waonts of ftner material, and soil consistency

unit W, i-e. noncohesive surface layer less than 12 in. thick underlain

by a dense layer. The most cmmn vegetation found with this combination

of ificos is a complex of units 3 and 4 (moderately spaced thorny shrubs,I bushas5 low scrubby trees, herbs, or clumps and open stands of coarse grass
with scattered denser stands of shrubs and scrubby trees). Areas of soil

'type unit Ii (gav-A) with soil consistency szit 9 (crusted surface of non-

cohesive pebbles or gravels overlying nowncohesive materials),, and soil

type unit 8 (silt) with soil consistency unit 10 (zioncohesive surfaceI lae underlain within 12 in. by dezize layer) are also found vithin this
- liandacqpe type. Vegetation again is unually a 3-4 unit complex. In

general, the same ground and veggtation factor combinations are associated

with the IL,4.,2,,2 landscape type. The 7,l,lb~l landscape type is 0OArac-
terized by soil type unit 6 (sand and gravel), soil consistency unit 10

(nonc~ahesive surface liyer underlain within 12 in. by a dense layer), and

14



vegetation unit 3. Areas of coil type unit 8 (silt) and~ aoil consistency

yndi vegetation unit 3.

Other laxdfwwu

31. Examiation of plates 5, 9, U, end 18 provides wtiilar descrip-

tions for the reaining laziforms (wnich comprise apProxatelty 38 percent

of thle area) foundi at Yima. Consolidated and unconsolidated hiJls, floOd-

plains and terraces, &zxi dunes occupy m~ost of the area noit composed of
basin ranges or fans and sprons. If the terrain types cmposing these

various lazxiforu&s are deteruinod frh. the maps, it will be obvious that,

even within a region as smwli as the Yuma Proving Ground, classical land-

forms are rnot iuoeeosfir. the standpoint of terrain types, and the

s~ terrain types can be found within "different" landforms. These areI ipportant points that should be borne in mind if anv attempts are made to
couppere regions on the basis of claasical geaorphology.

&mmaz of~ M~r Methods

32. The mapping methods are revieved in more detalU in the Hwxumlok

(WES TB 3-506) cited in paragraph 10; therefore, only a general discussion

is presented here. Basically, the primary fubnctlon of any map is to show

the plan distribution. of clases of things. These "things"1 may represet

rw~sof levaion(as on contour naapz),, vegetation types, countries, or

-ni~al te classes ogruis. For accurate tepreci-

slon of the metaods and techniques em~ployed varies dire-t+Iy as the quanti-

tativeness of these casses. For exple, fairly quaLit&tiwre classes such

as phyrIograehitc units can be capped with qualitative data and fairly sub-

jective procmaes,, whereas the accurate rurpping of hypsometric, slope,

j and relief cLasses requires quantitative dati as well as precise and ob-

jective mapping techniques.

33. Frtheormore, it has been fouzrd that great dtffez'ences in map-

ping scale exert relatively little influence on subjiective procedures, but

often produce cuplications when precise and objecti~re mapping techniques
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ae utilized. This is especalay true il going fr large-scale to sail-

scale mopVbW and indicates tbat scalar-deterxined generalization can be

eaeIly haMndled in mopping qulitati clases with subjective techniruesi

but this e tralization 14 difficult to describe when precise and objec-

tive mapping techniques =re utilizd- In fact, the sczlar geeralizattio

resulting when such techniques are eloyed can only be determin A through

collection of awrical data in actual mpping at =1 and large scales.

Although some coparative data have been accudated: in m-st cases it iz

currently onl possible to estuate sclar effects. In areas such as the

Sauthwesterv United States where nop coverage at various scales is fairly
go :od, som appin and scalar coreaions or relations can be observed.

For expople, if objective mpping techniques and 1:25,000 naps with a

10-ft contota interval e employed, many ranges associated with the basin

and-raW region of the U. S. will include patches of slope units 3, 4,
and 5, with unit 4 being areally predominan=. If the same ecbniques and

1:250,000 maps with 100-ft contour intervals are employed, these ranges

would be mpped as slope unit 3. Obviously, if large and =1U regions

are to be ccupred in terms of terrain factors such as slope, these

differences cannot be allowed. Thus, all terrain-factor capping must

utilize as a base the sam ontour Interval, suplxg area, and scale to

ensure that true areally dominant classes will be shown at mall scales.

31. Referring again to the U. S. basin-and-range region, let us

asse that only 1:250,000 maps with 10-ft contour intervals are avail-

able for certain lithological,.y similar ranges, and the resulting slope

when se established objective mapping technique is utilized is unit 3.

Empirical data in these type areas permit prediction with some assurance

that if =ys with a 10-ft contour interval were utilized the predominant

slope uxdt would actually be unit 4. Thus, modification of mapping units

from a small-scale to large-scale mapping base can often be made with con-

fi,.en. Where good map coverage is available at different scales for a

region, establiskment of these modifyiDg relations is relatively simple

though tedious. In other relatively "uumapped" desert areas, subjective

estimates mst sufice until enough raps end empirical mapping data are

available to al!xw objective determination of scalar effects. Nevertheless,
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since ranges of values are used in the mpping che aloyed in this

report, subjective esti=ates can be code with conziderable confidence in

s-e areas. Sp?-mppirg of world deimrt tracts, for which both large-

scale and mall-scaUe mapo e available, has also provided nrs

landfor-terrain factor associations that aid in tase-scale (1:25,000)

and contour-interval (10 ft) apping of relatively unknown areas. Many

of these associations are indicated in plates 19, 19, 19B, amn 19C.

35. The preceding general concepts are considered ir. establishing

procedures for general mpping of geometry, ground, and vegetation factars.

Probably the mst imortant point is that the napring bases utilized for

the various factors, with the exception of phyaiography and hypsintry,

&.t "large scale" in nature. Tberefore, they are closely allied with the

Yuma area. Throughn the areal generalization process just described, the

saw mppi base was employed in the zl.-scale npping of world desert

areas. In geemtry-f.ctor upping, a scale of 1:25,00G, contour interval

of 10 ft, and a 1-mile-diameter sawlirg circle were eloyed as the datu,

and fairly objective techniques for mapping Yuma and world deserts were

established. Areas of geometry factors opped in this mnner are con-

sidered to be characterized by a restrictive gecutry-factor type. Al-

though the lts of the graxid- and vegetation-factor apping c-as es

were established with all possible precision, f2irly qualitative data and

subjective techniques were employed in actual upping of these factors.

Exsting Soils, geologic, agricultural, and vegetation maps, written

descriptions, and newly established landform-groumd factor associations

were necessarily the primary bases for mapping. The objective sampling

and mapA/tng techniques required for grand-factor napping in actual field

investigations have been explored but could not be employed in the present

study.

)apping ccmplexes

36. One of the more inportant concepts in the method employed in

terrain-factor mpping is the use of complexes to illustrate dual classifi-

cations. Mapping is acccmplished within the pertinent area by simply show-

ing the two classifications (!aqping units) on either side of horizontal,

vertical, or diaSpnal lines. This results in the fractional or banded

17
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03MIaAMs 4I~ast!ate In plates 1-9. Copa.e ma be either are.1

37. keel casp1exas indicate the exsec o?' two oodoodnant map-

pimg uita within a givn arwea, for .~emipe thee. cculexs we anped in

rooom obe two xa,- rooel~r rstrictad soiL t~pem occz but ca= t be

aestely Weinmated b.e.ae of the manes of t1bo ;iping scalie or

lank of ttailed Jnfbrm@Adoa. It follows that areuI complexes becoume less

laemtamt as scales bec~ ameez anWd as the smant of soping infomtion
IzirXMVes. Torrain-factcr complexes represent mosaics of factor classes

(w aping =its; i.e., they indicate distinct, &really restricted tracts

of specific, dcomnnt mopping units rate than mixtures of these units.

?ea legends of plates 1-9 eplainz the - gificance of the sbolization

tlizxed In mopping arma compexes. It shoud be mentioe that for

cartepvibic reasons, &real ccples of geometry factors ae sopped only
Vtr. the plan-profile factor is mamped an an areal complex.

38. Tba pous-ouponent or poss-restrictive complex is used

solely in gecmetry-factor mapping. The need for such a complex is

obvious. As defined in this study, landscapes are semiquantitative

descriptions of terrain geomtry designated by fA=u numbers or =unber-

letter symbols,, each corresponding to mapping unit'i of the four geom-

etry factors. Each landsc&pe, however, is composed of smaller land-

scames and is in turn part of a larger or next-order landscape. The

lmw limit of such landscapes has been set by definition as those ex-

hibiting relief of at least 10 ft, i.e. those generated by a 10-ft con-

tour interval. In most instances thir landscape adequately depicts ter-

rain gecametry. In voe cases, however, such asa the situation illustrated

in fig. 3, this landscape forms a component part of a larger or gross

l9a"p and ust be napped to obtain an adequate portrayal of the area.

Note that in fig. 3 a parallel ridge area with ridges from 2 to 10 milesI apart capprises the gross landscape,, whereas the plain between these
ridges is a component (restrictiva) landscape. Two scales of generaliza-
tion are used in this portrayal. Using the plan-profile factor as an
exaple, the restrictive,, or component, plan-profile is determined by
UtilIizTin a sampling circle 1 mile in diameter, a contour interval of
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sampling circle an
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100-Aot contour inter-

gross pan- rofile can%

be divided into a %
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either of which can be
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Fig. 3. schematic relation between gross
gross plan-profile and component landscaves
if a gross type is

to be zipped. This qualification explains why many areas are shown

on maps with only restrictive plant-profiles, i.e. characteristic relief

within a 1-mile circle falls in the sane relief class as that within

a 35-mile circle.

39. The remsinilg gecumery factors sizply provide additional data

concerning the plan-profile. The meaning or significance of the
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soiAtoa used In moig t1ho poss-cupment compex mnies scuwtiat,

depecing on the gomtry factor mooedi; howver, the lepnds <m plates

1-li sbou. provvid adeqxoto ezpation.
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40 As previou~sly mextioned,, each of the terrain-factor maps is

actually an analog nap. Siailarwly upped areas at Yum arA withinu the

'S terrain factor und1er c!osidration (sene plates 1-9). Table 1 indicates

the terrain-factor valuw ranges,, or mapping units,, that are found (a) both

at Yum and withir, the MM, (b) at im only, and (c) within the MM) only.

41. A synthesis of terrain-factor data and usps, resulting in the

establiskinnt of varying degrees of analegy of particula HO areas 'with

portions of the Yum Prong Grond and Sand Hills% has been attemted in

plates 10-13. This synthes i vrolvel the preparatiocc of (a) a gemtry

or form analo map, (b) a ground analo nap, (c) & vugetation analog asp,

and (4) a terrain-type analog Wa.

42. The omtry analog uip (plate 10) is mrelj a modification of
the generalized landscape ap (plate 5) which vas prepared through s~mr-

positiock of tb- alipe, relief, sl,4e occure, an plan-profile wips.

If a 2lndscape type designated by a cominationi of four mrers; or numer-

letter symbols (each representing a specific mpping =mit of charecterictic
plan-profile, slape occurrence, slope,, and relief) foun at Yum also oc-
curs in the AM, the area so napped is considerd. to be himbl analogous

to the reom exhibiting this landscape type at Tim. An area in the W,

or an other world desert ares, exhibiting three mbera or mamer-letter

sybols out of four found In a combination at Yum is comsidered to be

mderately analogous, and so on. ah nalog deemntosare indicated

In table 2. Note that gross landscapes (mapped utilizing a 35-mile-dimter

sampling cell wI 100-ft cantours) are distinguished fron co~onent or re-

strictive types (mapped utilizing a l-wmile-dimter saawling cell and 10-ft

coutours). Gross landscapes In one area are compared only with gross land-

scapes in another, as is also the case with restrictive types.
4u3. The grundi analog nap (plate 11) was prepared in a nn very

slniler to that used in the preparation of the gemtry anaLog map, i.e.
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by se ioiz the soi.-tnwp, sod1-ccmstency, aM_ sface-rock mps.

In tk* YUr area aI in tlUa , o-rock umits (sol units 1-3) are

always Pond, in cadilatioi vitx xufce-rock types, andi &oil units 4-10

e are 4ms foud in cainattion with soil consiatency tpes. Hence,

VcM I alm we desig ot by only 2 digits (o- 4 digits where a co-

g"~ Us mopped); their dateimnation is outlined in table 3. It* vegta-

tim n m a (plate 12) is a slIght modification of the vegetation

rap. fte MD mss napped with vegetation units found at ua are con-

Seidm to be highly analogous to their Yuma counterptrts.

I.i e that the identity of the vYi4us terrain-factor sping

anits has been retained, through utilization of thedr nuers or nmer-

letter sybols, on tbe three analog amps. Thus, for examle, when a

tract within a world desert area exhibits two out of four gecetry-

factor vAmppi units found in combination at Ya, it is possible to

identify the units cocn to both areas. In other words, the units that

detersine the degree of analoey can be identified.

45. e t rain type analog asp (plate 13) was caviled by super-

izqJosing the factor m&W and identifying individual terrain types by a

series of seve. numbers or aben-letter symbols, each repmrsenting a
value romp or class of the four geometry factors (plan-pofile, slope

occurrence, slope, and relief), two groanx factors (soil 'ype-soil con-
sistency, and soil type-surface rock), and vegetation. the terrain-

type arrays in the MM were compared with the most similar terrain-type

arrayz at Yum, and the mopping units cw components of geet,y, ground,

and vegetation were assiied values ranging frua 0 to 4, based tkon the

number of napping units In coon witt Y . In other words, &W*es

delineated on the terrain-type analog omp were designated by t1ree digits.

The muLers indicate, in sequence, the number of identical geawXry,
growx, and vegetation-factor value renges occurring in the MMI ttrvin

: type that are also found in combination at YTma. For exampe, the seaies

4,2,1 found in the MED indicates that all seven terrain-factor classes

characterizing an area in the MD are found in combination at Yuma. The

series 2,1,1 napped in the )ED indicates that two of the four geomtry-

factor classes, one of the two ground-factor classes, and the mgetation
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class are foad at Yuke, Totaling each series of nuabers results in a

value ranging frcM 0 to 7. This range was then divided into five groups

by de-gree of analogy, and the are" exhibiting these value groupirgs were

outlined on the map. Regions where terrain-type c- alg va-4es resulted

in totals 6-7 were mupyA as highly analogous; 4-5.5, ode tely analogous;

2-3.5, sllshtly anaog=-; 0.5-1.5, inappreciably analogous; and 0, not

analogma- (see plate 13). In general, highly analogous VIorld desert tracts

exhibit, or closely approximate, combinations of terrain-factor mapping

units found at Ym&, and the degree of analogy decreases directly as the

similarity to a conbination of mapping units found at Yu decreases. Al-

though the identity of the individual terrain-factor mapping units has not

been retained on the composite analog map, identification can be node

easLly through examination of the other analog maps.

46. It should be mentioned that all terrain factors were given

equal Importance in the analog deterkmnations. No serious effort was made

to establish a r suitable "weighting" system because of the difficulty

inherent in any attempt to determine the relative importance of any terrain

factor fru the standpoint of (a) gecorphic considerations or (b) general

or universal military application. Furthermore, for reasons of simplicity

and universality, no attempt has been made to differentiate between deptees

of analogy within specfifc t-err-in ft.-cts. For ep, Yuma landscape

type 4,L,3,5 is more analogous to landscape 4,1,3,5 than to 4,6,3,5, but in

the method employed each of the world desert areas characterized by these

landscapes would be given a value of 3, i.e. considered to be moderately

analogous. "Weighting" systems for entire terrain factors or terrain-

factor mapping units can be devised for many g fic considerations and

employed when desired.

47. It should &lso be noted that analog determinations in areas of

ccplexes are based on independent consideration of specific areal or gross-

ccponent types. For example, a region rapped az an areal ccoplex consist-

ing of tvo landscape types, one highly analogous with a type at Yuma and

the other slightly analogot, vould be sapped as an areal complex shoving

each degree of analogy. Thus, in the present systa, the analogy in

regions of areal or gross-cooponent ccxplexe.s is based on each landscape or
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.esiwablo to recopise the aalogy of the entire area.
Mw. h terrain-type ana'o up tbs delinetes axeas possessing

c~atof 9t gmtry. prumd, and veastation, factors that,, w Cal-
- ith the meat slMrar Isit at Iaa,; exhibit the sam degree

- -of wal Anay ae an the terrain-type analg as=p exhibiting a partic-

UIar dape oif anklg (bih, mdrate, aec.) say cons"s of either a
sle characteristic terrin type or a nesic of several characteristic
trrin types; howeer,, ev1. type must exhibit the som degree of analegy
mben campaed with the most *'nila type or types found at Ymaa. Utiliz-
Ifg areas in the MM as exempes I the An Ntaffa dune region has been nwqyped

an a sirngle terrain type and the entire mia is shown as moderately

anaiuoa on the terrain-type analcig maP (Plate .13). In contrast, almost
the entire Asir-Yemen ikbilands, 3 which is mepped as highly analogous,
consists of seveal terrain types, each of which is highly analegous.

1i9. Careful =iintioa of the terrain-type analog mip and various

terrain-factor saps eqbasizes sm interesting points. First, areas cca-

pceed of different gentically described landfome often exxibit relatively

high degrees of analogy. For exm1e, play" and river-terzmce surfaces

are mderately analogous. If the classical, qmzlitative, and genetically

bmad -ftcmrphic descriptions of such areas were employed, this similarity

wxald, for the most pert, be ignored. ConverselY, it is also CCMO to

find many different terrain types within a single physiopamphic "unit,"

such as. volcanics or diams, established on the basis of qualitative mthods.

Secad, schexdnaio hitaatthe almst infinite uberof pecial-

combinations and their distribution can be easily prepared. Analog maps

for these special cmbinations can also be ccupiled. Only slight modifi-
cation of existing maps is necessary to show the distribution on other

vorld desert areas of Y~a terrain types, landscape types, or any desired

terrain-factor ccnbinations. Conversely, maps showing the distribution at
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Mama of terr.sit types, landscape types, etc., ccmm, in other world desert

areas can be easily prepared.

50. Table 4 and plates 2.0-12 of this report and other desert analog
folios provide a wealth of data that can be utilized in (a) evauating

Yua as a test station for specific activities or overall suitability as a

testing site, and (b) locating areas that may be more analogous to aggregate

world desert conditions than Y=L, or which, when considered with Yuma,

will cover a much more representative ran&y of desert terrain. Although

table 4 deals solely with landscape types, examination of it in conjunction

with plates 6-13 of this report and the other desert analog folios will

indicate (a) landscape and terrain types found in other world deserts which

do not occur at Yum, (b) other ereas that cap supply the types missing at
Yu.a, (c) the subareas at Ya that are representative of conditions found

in other world desert areas, and (d) the subareas at Yua that are anam-

lous from the standpoint of world desert conditions. It is, of course,

also possible to compare the various orld esert areas in terms of their

landscape and terrain types, and their distribution or relative importance.

Analysis of General Applicabilit- of
Analo Technique

51. The folloving is a brief arlysis of the techniques that have

been employed in preparing analogs for this series of reports:

a. The geometry, ground, and vegetation factors selected for
p define terrain in simple, yet reasonably complete

terms.

b. In the system of mapping used, terrain factors in all world
desert areas are zapped utilizing the sane units. Hence,
the completion of all reports in this series will afford,
for the first time, a ready ccmarison of the terrain of
all the deserts of the Mrrthern Hemisphere.

c. Terrain factors at the Twaa Proving Ground have been mapped
using the same units used for other world desert areas, thus
permitting ready cmparison of Yuma with world deserts.

d. Happing generalizations have been areal, and the degree of
refinement has varied with the scale. This implies that
an area at Yuma delineated as having steep slopes, for
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: ::- - aple, ma cCnsigt of 9 percent or scre steep slopes,
vahea s in cme other world desert area, steep slopes t~y
Occupy only 50 percent of the region so mapped. This is
considered ideal in establishing "testing" analogs since

.- .- tests within restrictive4 mapped units at me would be
representative of typical situations within a similarly
umpped, but more generalized, world desert area.

8. Terrain geceetry has been mapped at a standard topographic
envelope (the 10-ft contour interval) regardless of scale.
In mapping gross gecetry the 100-ft contour interval has
ben utilized.

f. Terrain geonetry has been reduced to four major factors.
One, the plan-profile, is a qualitative franework, the
dimensions of which are Indicated by three quantitative
factors: slope occurrence, slope, and relief. This pro-
vides a readily assimilated mental image and a seniquan-
titative clasAification of the landscape. The system per-
mits mapping of more than 7000 mathematically possible
1hndscapes, but natural selectivity seems to have limited
landscape types in most desert areas to about 100.

j. All geometry, ground, and vegetation factors are synthe-
sized by superposition into a terrnin-type analog map which
indicates degrees of analogy or siuilarity of the napped
world desert areas to the Yuma Praring Ground. Each ter-
rain factor has been given .equal weight in this synthesis.
"WeightiW" systems can be devised for specific
considerat ions.

hi. It is believed that the analog techniques, with cxxdifica-
tions and additions, will be applicable in environments
other than the desert.

Problems and Reco=endations for Solution

52. Three of the most serious problems in connection with the system

of classification and mapping employed in this report concern: (a) the

qualitativeness of the ground and vegetation factors, (b) the overly sub-

jective nethods that must be used in mapping areas for which little data

are 4vailable, and (C) the difficulties involved in integrating microrelief

into the present syste=. The following paragraphs discuss these problems

and offer recco'endations for steps toward their solution.

26

*~ .--. ------



/

SAuntitative classification of
grudand vegtio fachors

53. It is gawrally egreed that quantitative clai fications of the

ground ard vegetation factors vooli be most desira _e and that studies to

quantify these aspects of terrain thwld be intensified. A preliminary

systm for describing and mapping vegetation in an almost entirely quanti-

tative mLnn has been devzloped and is presently being aVloyed in ter-

rain research p.50

54. A troublesme aspect of the variotu attepts that have been made

thus far to quantify the ground and vagetation factors is that such q-snti-
fication invariably necessitates consideration of a miltitude of quantita-

tive factors to express a single compozite factor which is now expressed

qualitatively. Although this multiplication of factors should be expected

if the benefits of quantification are to be realized, the mmber mist be

kept within reasonable and practical limits if the elasification is to be

integrated into a usable system that fully describes terrain. Otherwise

the researcher is soon buried under a profusion of symbols, and his maps

are so complex that they become useless. It is reemphasized that although

the quantitative approach is desirable, it W still be wise to utilize

semiquantitative or qualitative techniques in soue cases.

YApPing techniques

55. Considerable progress has been made in preparing a set of rules

or instructions for truly objective mapplng of the gecettry factors in

areas mapped with 10- or 20-ft contours; ho-ver, these instructions
need refinirg ad simplifying. Rigorous techniques should &Lso be

developed for mapping the ground and vegetation factors.

56. A rcgrettable but necessary coroilary of rapping poorly known

regions is that subjective techniques become increasingly inportant as the

quantity of data decreases. The need fkr guides to aid the analyst in sub-

jective nApping has long been recognized, and =ch valuable information

exists in the literature which, vhen propcrly assembled, could be used to
translate raw descriptive dat& into the classification system utilized in

this report. The effects of clinate, lithology, and elevation on soil

type; the effects of soil type and landform association on relief; and the
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consequences of litholov and vegetative cover on terrain gemetry in

pneral are exmples of the types of studies that serve as excellent

guides to sapping in poorly known areas and permit a somewhat objective

approach. Prelisinwy studies along these lines vere made preparatory

to mapping the vorld deserts in the various reports of this series. An

exa~le of this work is the chart of lazlform-geometry factor associations

in plate 19. However, such additional work is needed on methods of dis-

ciplining subjective mapping.

57 Another approach to establishing guides, pe-ticularl,' for map-

ping the geometry of poorly known regions, is through detailed study of

a hierarchy of terrain envelopes. Preliminary studies indicate that

valid and pertinent inferences can be made of the geometry of a particulr

region from maps with scales as small as 1:1,000,000 and a 500-ft contour

interval. Reasonably valid relations can be established, for example,

between slopes measured directly from such a map, slopes measured from

1:250,000 maps with a 100-ft contour interval, and those measured from a

1:25,000 map with a 10-ft coutrow interval. Detailed studies should be

conducted to compae and graph the various quantitative geometry factors

in areas covered by naps employirg these scales. Relations between the

hierarchy of envelopes could then be compared in all the areas mapped and

hypotheses developed and tested concerning signif-Icant variations I these

relations, vhich may be dependent upon litholoEy ad clirate.

Surface rou xness (microrelief)

58. Surface roughness, or microrelief, is an important aspect of

terrain geometry that was not integrated per se with the description of

terrain presented in this report because it is concerned with those fea-

tures of terrain geo etry having relief of less than 10 ft. It is recog-

nized that microrelief is extremely important; however, there are excellent

reasons for disregarding these minor features in napping the terrain fac-

tors previountly discussed. In the first place, a reasonable lover limit

had to be placed on the stale of generalization. Consideration of very

minor features would have hoelessly ccplicated the system. Secondly,

although travelers' accounts, available maps, landform ties and associa-

tlons, and a liberal infusion of judgment permit reasonably consistent
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delineation of the terrain as generated by the 10-ft contour interva,

world deserts considea-ed vould result in excessive subje.tivity. Rarther-

mrwe, areas of homgeneous aicrorelief, i.e. areas throughout *qdch a

single uicrorelief feature prevails, are normally of =all extent and thus

could noit be shown at the scales of one to several uillio* used in por-

tions of this study.A 59. Waor difficulties in micrarelief consideration lie not oray in
its classification, but also in developing a reasonably objective approach

to mapping this factor and fitting it into the scheme of iArerall terrain

anaogy A osbesltoni oacp h fact that our presn a

knovedgeof te vriatons n ziror l a i too limited for reasonably

ares. t peset, uchestmats mst e bse&onlandform-lithologic-

sisassociations. The much-less-qualitative terrain-classification

f scheme represented by the geometry, ground, and vegetation factors utilized

in this study consequently provides a more adequate base for detailed

studies of inicrorelief. For exple, a IL,4,lb,2 landiscape type with a

unil1 6 soil type, unit 10 soil consistency, and a 2-4 vegetation ouplex

can be exazined either in the field or on detiled, large-scale maps if

available. Tt seems almost inevitable tba distinctive groups of micro-

relief feature~s will be associpetct with such distinctive terrain-factor

com~binations. Groups of cicrorelief types could be cataloged as charac-

te&-istic of various terrain-factor combinations and used as a basis of

analogy. Detemidnation of these associated mIcrorelieX' types would, of

course, involve a detailed and long-raWg mapping program. Short of this,
the existence or lack of terrain types (specific combinat ions of gewnetry,
ground, and vegetation factors) 8nd, by inference, their associated nicro-

relief groups is the best indication of the degree to which Yuma does or

does not compare with other world deserts from the st, Vpoint of micro-

relief. Conveniently, the degree of analogy as determined in the terrain-

type analog map (plate 13) automatically considers this relation. For

these reasons wo attept ~csmad~e in the present study either to map
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vicrarelLeft cc to datendne its effect on the temran-type analo amp. It

is beliated that synthesis of the grund, gomtry, and vagetation factors

Uerammms the effect of micrmelief oni overall terrain analogy as vell as

It can preseutly be deradlmd.
60. While the above-mUend terrain type-zdcrarelief asociation

-adequAe to izniicate the presence,, lc, an distribution of micro-

relief types at M~ and in vwd deserts, it is certainly, not adequate

fr4tii the effect of xicrotelief on 'varous military activities

cc materiel In tests at Yma. A quantitative system of describing, ciss-

jifyling, wMping, and comparinag aicrorelief is needed in this case., and
studie hays 71;

StUAeS avebeen' and are presently (1966) being conducted in this vein
to produce an acceptale method to portray these featues.
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Tab] 3

Gromadt-aor Ary*Ft'jrz at Tm at in the Middle East Desert

Ar1rDetesmirations

G rund- 1:k Ground- Degee of )W Garoamd- Ymm Gra1.d ZDakre of
FactAry Factor Ariy Anlc PTtor Arry Fhto

3,V partially 5,30??t Partially
3,2 Partially

1,3? Highly 6,1 6,1 Highly
1,3& Iagb4 ~ 6,2 6.11' Partially
2.3t 1,3& Partially 6,4 ~Airtially
3,3t Partially 6,10Hihl

7,10 Partially
1,4 Highly

2,4a 1,41 Partially
J4Partiall.7 10,3 8,3

1,5 Highly
1,6t High~l
1,7? Highly 7,4 ~ Partially
1,9 Partially 7,11 Not
215 1.5 Partiall 8,4 ~ 8,.4 Righly
2,6t Partially
2,7t Partiall2y
2,9 paetiall 8,10 Higly
3,5 Partially 9's 8.10 %ot
3,6t partiawl 10,6 mat

Partially To'?

Omtind-futar arross tje two syzb*U Ut&4 Aiimg nappirig uzit,%. Soil-roock units (toil
=Its1,23) tm' &*Vua found in combination it varlface-rock types, ad to"' =nitsa

4,,,,S9l tre aLays fcwUl in cnabirmtion with soil-cosistmcy types.
4.Lihtace type 2..kcata the units roumil In the closest corresponingr array at Y~a.
Uit-- *bmn in bolfu 4pa art cot foundI at Yuma in combination with the rinimng
anits of the srr,.

X t D=& 04wftee roct. %uU*. 5 (zedinntariaes 4WIatferentiaxe) incluides units 6,7,8.7
(sac*itoW, lI qtoz , shale, tad evaiorites, respeci~tvel.y), atd in the XM unit 1.
(Igeotas uathfrfercztated) inclodes units 2,3&,3b (6ntru~sives, trueo txtrusives, v4
rocs fcatzed by teoaary =~*ttatiom of loose leposits of volcanic ejecta, respec.
tiv*4y , therefbr, $vttv those units ame napped In the )XD, they are &A~igrixted by
111ghtface sr-bols.

!t n & pearti -u.Ar armay it w. be pos-ible t :914-s I terent Sets of lightface
b.4jldiface adtz, tc indica;1o this ma4d- dgree . f arA& - in such instztances =a xIts
&re cmzpared It. tte =rr giver. in the arMa,. . ", NMarray 5,1^ was -Npred
vIAth the Y.zt arrey 5,1 ratber tran e.,1C.
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A1'Ofl A: TH PROEM OF 7RAIII C(8G'MON

1. Mefollovirzg cants on the philsoptW, VIrpoze,and pobiem3

associated with terrain analysis and cooarizo w based, to a conaider-

abeextent, on material included inTechnical YtePort 3-506. 0

(uantitativj Versus Qualitative Apsroach

2. Terrain studies and classifications may be either qualitative

or quantitative. The qalitztive approach to ge orphic description con-

sists pr ily of written descriptions of terrain and laniforms demali-g

extensively vith thie genesis of various lazxlfors andl surfaces. The

approach depends almost enieyo h i"of the analyst, both as an
• 1 alyst and as A Aaster of descriptive prose. Such terrain description

can be vivid ad penetrating, conveying to the reaer a clear mental

of the landscape. Alternatively, depending on the skills or bScrnis

of both the analyst and reader, it can be poor and misleading. In any

c3e, it is patently unsuited for objectively occparing one landsLspe with

another.

3. As previously mentioned, terrain =ay be considered to be the

aof the physical characteristics of the a1d. A quantitative ter-

rain description is simply one that uses merwical values rather than words

to defLe terrain or its coaponent factcrs. It is usually less vivid than

the qualitative approach, but has obvious advantages in its objectivity

and in the fact that terrain factors and their subdivisions can be rigor-

owuly defined. A more mtbtle but even greater advantage is that terrai.factors which are stratified in a quantitative mnner =a be manipulated

nth athial. y so that the effects of individual terrain factors, or of

facra acting in concert, can be deterniner. Drainege densities, for

exazple, cAn be expressed in tams of the ratio of the sun of channel

lengths to ' a drainage basin araa. The product of drainage density and

relief, in turn, is a proposed measure of basin ruggedness. In mcst

Raised mrbers refer to corresponlirgly numbered items in Selected
Bibliography at end of main text.
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izistawas =ch qttativo systems have evolved fron Atudis aimed at

determining (a) terrfin effects in specific fields such *2 bydfrology and

a .ric.ltu, aM (b) a metbo for describirg a sinql terrain factor such

asslopa or relief. As a reUt, partitatively expressed factors useftl

in pesenting an aggregae or entire picture of terrain have not been

explored to any great extent. It should also be pointed cut that quali-

tative terms awe uvually epmressiov of a group of factcas that culd be

expressed in a qu&titative and precise raner; however, precision is

usually pined at the price of exwplicity. While the quantitative approach

is not propoundod as a mgic cure-all, and while admittedly it may be vise,

or necessary, to utilize qualitative techniques in im cases, quantitative

methods saet be favored in objective terrain classificaton, and in in-

vestigations of the eifucts of terrain on military activities.

4. The technique* on which the ND study was based foll1m a middle
course betwen the qualitative an quantitative approaches. It was rec-

osmized that a quantitative approach was ideally suited for terrain analog

or cmpariso purpo~es, and every attemt was mde to quantify. Where

attets at quantifying terrain factors resulted in overccmlexity, how-

ever, a qualitative systen was exployed. Soils, for exa ple, are ex-

pressed in standard qualitative terms, i.e. silt, clay, sand, etc.,

rather than in quantitative terms such as median grain dia.matr, cohesive
strength, etc. It was also apparent that the quantitative approach had
heretofure been applied to raU hcoogenooums areas for which large amounts

of terrain data were available or obtainable. The scarcity of such data

for larger areas precluded the utilization of strictly quartItative systems

for describing an rap'ing various terrain factors. Consequently, a middle

course between the quantitative and qualitative approaches was the only one

consistent with the goal of determining, with available data, the suit-

ability of the Yuma area as a desert test site.

Terrain Factors Versus Terrain k4fects

5. Terriin factors and terrain effects were considered for utiliza-

tion as a base in establishing a uniform system of describirZ, classifyfirg,

A2



mapping, and caring terr-ain. One syte wvzlJ involve the mopping of

aPgs of selected terrain factors, such as slope, relief, soils, etc.,

and cmparing areas so mopped. The Other systeM wuld involve the describ-

ing and zapping of areas in terms of the effect of terrain factors on such

military considerations as cross-country movent, weapons ewployment,

earth construction, radio ccanications, and cover and coacea3men. 4
6. relLMIWXy studies convincingly shoved that ccparison of ter-

rain based on its effects on military activities is isractical except for

specific usage. Entirely different terrain types, or associations of ter-

rain factors, may have the saw total i=pact on a particular ilitary
actvity. Conversely, the same terrain type will have different effects

on different cilitary activities. Thus, before classifying terrain in

tez-.s of "go" or "no go" for trafficability consideraticns, "good," "fair,"

or "poor" for chances of survival, etc., an orderty classification of basic

terrain eements or factors wiich create t~aese condxitions should be made.

Analyzing and recombining data incorporated in such effect classifications

for actual terrain comparison would be a hopeless task. It follows that

tests aimed at determining terrain effects should be conducted in areas

where quantitative measurnts are available for basic factors comprising

the terrain. Empirical determinations of the igpact of a qualitatively

or subjectively described terrain type on a particular activity do not

provide data that can be objectively transferred or utilized in other

regions.

7. A somwhat intermediata approach to terrain evaluation would be

to nap and copare values of terrain factors that are critical to specific

military considerations. However, it soon becces ayerent that no syste

of classification can hope to satisfy the requirements of all military

activities. Several considerations that militate against the scheme of

classifying and ca:paring areas in te.ms of critical values of various ter-

rain factors are:

_. Single terrain factors do not necessarily have independent
critical values, e.g. the critical slope value for a given
vehicle varies directly with the soil strength of the slope
surface.

A3



k*Critical vabnas of a 91ven terrain facor MY~ vary greatly
with vaicas m itary aictivities, e.g. the density of vege-
tatioc i~wn considered in relation to foot aovaient as
a411nat aip=l ccnicui. in addition, variations ELY
occur within a ceneral c3ass of materiel, e.g. critical slope
vals are different for differ=t vehicles.

c. Critical values are not present]y know for many activities
nd items of materiel.

d. Critical vaLq. are not constant, but chsdge with technolog-

ical advances.

8. It was tharefore concluded that a system should be developed for

classifYing basic terrain factors or eleents so that areas could be mapped

and compared in comon terms. Althcugh available data on the military

significace of terrain are an impartant consideration, they have not been

unduly nphfsized in the system developed for classifying, mapping, and

ccsparing terrain factors. Zis approach is consistant with the irndiate

purpose of furnishing responsible agencies involved in testing with fac-

tual evidence on whether terrain coalitions it the Yuma Proving Ground are

widespread or lmited througlout world deserrs, and vhcther significant

terrain types found in other world deserts tire present or lacking at Yua.

Scales and Proble= of Generalization

9. Cartographic problems, availability of data, and other consid-

erations demand that informat ion on large-scale maps be generslized in

order that it can be shown on nalli-scale maps. The existence and need

for such generalization in mapping are well known and universal-Ily accepted.

For exaple, the Castle Dme Mountains at Yu-a napped at a scale of

1:400,000 contain areas of "gentle," "=oderate," "declivltous, arA "steep"

characteristic slopes with "steep" clopes predominating. At a scale of

1:2,50,kX thes- mountains can be shown as having only "steep" character-

istic slopes. .limitar generoLzatlons cculd oe cited in other world

decert aroas.

10. Gezralization of the luz and world de-ert naps incorp-ratei a

this awi other rep'wts prinarily reflects a variation in the spat,&.
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distribution cr density pattern of established area units which have been

defined in ter=- of narrow ranges of specific properties. By definition,

tha systm dictates that if in area at Yuma exhibits a cetain combination

of terrain factors, more than 50 percent of a sinilarly mapped tract in a

world desert area w..L. also possess this ecmbinmt ion of factars. Areas

mapped as silty soil at Yu=a aind in world deserts are characterized by an

areal pedoiae of silty soils, but because of the scale difference the

percentage of surface covered by silty soil within the area so mapped at

Yuma is typicaLly greater than that of the area so mapped in world deserts.

The i=portant point is that silty soil in weas so rapped is areally pre-

dominant. At Yuma this predczminance might be on the order of 90 percent,

and in world deserts, only 70 percent. In other words, the degree of gon-

eralization tmployed in mapping Ymta is considerably less than that used

in mapping world deserts.

11. In this connection, it should be e=.hsized that since the

objective is to determine the suitability of a as a test station, more

detailed mapping of the Yuma area is required that of the world deserts

with which it is being compared. It is important to know that Y=a

possesses a fairly complete range of slopes, vegetative types, etc., even

if these r-nges of trrain factors cover only very lir'ed areas. Con-

versely, terraln-lutor mapping in the world deserts can justifiably be

areally generalized, as this will. indicate. the most characteristic or modal

condition existing within the area being mapped. Consequently, a vehicle

tested at Yu=a on a certain soil of a certain consistency on a certain

slope is being tested against a similar cobination of terrain factors that

is characteristically or arealy predominant in a. region so mapped in a

particular world desert.

12. In suzmary, an atte-pt has been made to establisn a ire de-

scriptive, useflul, and sirple system ef lev.loping terrmin analogs vhi:h

will be consistent with the paucity cf data, ccncerning the vast areab being

m4.ped. In this system of teriain zoparisen, an eff..rt has a.sc been made

to steer a mi ddle-of-the-road ccurze between (a) iuallttlve &- juantita

tive app.raches tc terrain Jescriptin (tW ratura arA military iigrifi-

:ar.-e. mn (,) aval.a.bihIty _f lata amrd a rea.snabI, c t rttn
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viev of our pzsen knowledge of the relative significance of terrain

factors indvremltr ~ieain.It is alobelieved that as1

this knowledge expands tedeveloped analog qtewilbe ldbaeog

to acemwodate a~ilittona data,
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